To achieve the rotor winding qualification test, a new detection method based on texture information and convolution neural network is proposed. This method could effectively eliminate the effect of illumination by using LBP to extract image texture information in advance which is calculated by circular radius, and then using convolution neural network to extract features in further to discriminate the workpiece is qualified or not, which can put the discrimination accuracy to a higher stage. The experimental results prove it, which shows that the new method in this paper performs better than traditional methods no matter of the accuracy rate or the time it costs.
Introduction
With the continuous advancement of Industrialization 4.0 and China Manufacturing 2025, the industrial manufacturing industry is developing rapidly and the demand for motors is increasing on a high speed. As the core component of the motor, in the production process of the motor, the quality of the rotor winding is vital to the service life of the motor. Based on current production technology, when commutator and winding wires are winding, which is prone to occur unqualified workpieces , like missing winding workpiece, broken winding workpiece and so on. In view of this situation, the currently commonly used method for testing the qualification of rotor windings on the production line is the manual inspection. In the complex production environment, this method has low efficiency and is not conducive to mass production. With the increase of the working time, the visual inspection easily occurs fatigue damage, which leads to missed or false detections. Therefore, it is urgent to propose a new alternative method that can quickly determine the qualification of rotor windings.
In recent years, the research on machine vision technology and machine learning has developed rapidly, and its utilization in industrial production has become more and more widespread [1] . Japan's Keyence, TOLIMEC, NI, Connex, and BOBST in Switzerland can provide more sophisticated on-line inspection solutions for machine surface quality based on machine vision; Dr. Yang Chunshan and Dr. Kong Yuyong used traditionally Convolutional neural network as a trainable feature extractor and random forest as a pattern recognizer to implement a hybrid method based on deep convolutional neural network and random forest (CNN-RF) to solve the problem of neural cell image segmentation, which has gotten good results on public data collection; Zhang Hui and his team applied BP neural network to remote sensing image classification and obtained accurate classification results [2] [3] [4] [5] . However, there are few studies on the qualification analysis of winding parts images, especially the study on machine learning is more deficient.
The shape of rotor windings is diverse in production. Due to the irregular shape, copper lines have non-reflective areas, and the traditional image processing method is difficult to identify its qualification. Based on the application of machine vision and machine learning in image processing, this paper analyzes the images difference of rotor winding with different shapes. By extracting texture features of images and constructing a convolutional neural network model to eliminate interference effects such as illumination, it finally gets a fast and accurate detection model. The experimental data shows that the method is highly feasible.
Detection Algorithm

Sample Description
This article mainly focuses on the qualification of the winding of the motor rotor at the hook. Take TT720 as a sample, the winding part to be inspected is shown in Fig1. A motor rotor has 24 hooks, it is tested whether 24 parts are qualified and determines whether the rotor is qualified. By locating and cutting the images of the parts to be tested, the qualification is judged through the detection mechanism. Based on the current rotor production technology, during the rotor commutator and copper wire winding, some unqualified forms are likely to appear, such as missing winding workpiece, broken winding workpiece, as shown in Figure1 
Image Feature Analysis
For various cases of rotor winding , through analysis of the rotor image by using filtering , image gray-scale binarization processing and GLCM(Gray-level Co-occurance Matrix), it can be found that there are some differences between different forms [6] [7] , which listed as follows: 
Detection Based on Texture Information and Convolution Neural Network
Image texture is widely used in image detection and processing as an important index to describe color distribution and intensity distribution in image space. In this paper, a new rotor detection method based on texture information and convolution neural network is proposed according to the result of Table1. The extraction of texture features is divided into structural based and statistical based two ways. To full use image texture information, the first is chosen in this paper, and LBP is the most appropriate in it. LBP (Local Binary Pattern) is a kind of operator which is used to describe the local texture features of images, and it has remarkable advantages such as rotation invariance and gray scale invariance. LBP operator utilizes the relationship between the point and points around the point to quantify. After quantization, the effect of illumination on the image can be more effectively eliminated. As long as the change of illumination is not enough to change the size relationship between the two pixel values, the value of the LBP operator will not change, so to some extent, the LBP-based recognition algorithm solves the problem of illumination changes [8] [9] [10] .
In this paper, it takes LBP operator calculated by circular radius, LBP P,R = ∑ s(g p − g c )2 p P−1 p=0
(1) Where S(x)=1,x>=0; S(x)=0,x<0;
(2) When P = 8, R = 1, it is very similar to the classical LBP value, but the difference is that the sampling area is circular and the pixel value must be obtained by two-linear interpolation. The extraction effect diagram is shown as follows: After extracting the texture features of the image, the convolutional neural network is used to further extract the target features to distinguish the rotor winding qualification [11] [12] . This paper adopts the convolutional neural network structure as shown in the following figure. The input of the network is the texture feature of image extracted by LBP operator. The first layer of the network is the batch normalization layer, which has the function of regularization of the model. The network contains 6 convolution layers. The size of the convolution kernel is 3*3, and the number of convolution kernels is 32, 32, 64, 64, 128, 128. After each two convolution layers, one largest pooling layer is connected, and the pooling size is 2*2; It consists of two fully connected layers. The output dimension of the first layer is 256, and the output dimension of the second layer is 2. In order to prevent the network from overfitting, a dropout layer is added after the first fully connected layer with a drop ratio of 0.5. Except the softmax activation function in the last classification layer, all other activation functions use the relu activation function. The network optimizer selects Adam, the initial learning rate is 0.001, and the attenuation coefficient is 0.000001. Training samples need to be marked in advance, after texture feature extraction, it is put into the convolutional neural network for training, and finally a reasonable detection model is obtained.
Experiments and Analysis
Experimental Results
The experiment was divided into two steps. In the early stage, in order to avoid the influence of cross winding below, the rotor winding image was segmented by template positioning to obtain the image of the part to be inspected, and the collected image was marked at the later stage. In the training set and validation set, the pictures of qualified part image was 2000, among which 1500 good reflective parts and 500 poor reflective parts. And 1000 pieces of unqualified images, while 700 pieces missing winding workpieces, and 300 broken winding workpieces, finally 2500 randomly selected images are used as training sets, and the rest left for the validation set. After the training detection model was obtained, 1000 images were tested, which contains 450 good reflective parts image, 200 missing winding parts images, 170 broken winding parts images, 180 poor reflective parts images. Comparing with the conventional image processing method and the template matching judgment method, the results are shown in below: And the time all 1000 images tested costs 38.566s, which is on the computer based on win10 system, i7 processor. Table 2 indicates that the convolutional neural network based on winding texture information is effective for the rotor winding qualification test. Compared with the traditional image matching processing algorithm and only CNN, this method has higher accuracy rate. The method used CNN only has a poor performance when there is a change in lighting conditions, while the convolutional neural network based on winding texture information does well. The distribution of the number of samples in the data set is not uniform. On the whole, good reflective parts are the most, and broken winding workpieces are the least. This may bring some interference to the subsequent detection model, which can be solved by increasing the number of samples.
Result Analysis
Summary
In this paper, with applying the advantages of convolutional neural network in image processing, and combined with rotor image features, an improved rotor qualification test based on texture information combined with convolutional neural network is proposed, which has obvious advantages when compared with traditional image template match and CNN only. It takes only less than one second to test whether a part is qualified or not, which is faster than manual inspection. In the actual application, the location and interception of the predetected images and the change of the image collection environment, the uneven distribution of the samples and the inadequacy of the negative samples all may have a certain influence on the detection and recognition effect. In the follow-up research work, the data can be augmented by the way of GAN (antagonistic neural network) and the model will be constantly improved, which can advance the classification accuracy of different forms to a higher level.
